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Abstract. The massive cluster of galaxies Abell 2219 (z = 0.228) with two spectacular gravitational lensing arcs was observed 
' at 14.3 yum (hereafter 15 fim) with the Infrared Space Observatory and results were published by Barvainis et al. <1999t . These 

observations have been reanalyzed using a method specifically designed for the detection of faint sources that had been applied 
to other clusters. Five new sources were detected and the resulting cumulative total of ten sources all have optical counterparts. 
m ^ ' The mid-infrared sources are identified with three cluster members, three foreground galaxies, an Extremely Red Object, a 

, star and two galaxies of unknown redshift. The spectral energy distributions (SEDs) of the galaxies are fit with models from a 

selection, using the program GRASIL. Best-fits are obtained, in general, with models of galaxies with ongoing star formation. 
Infrared luminosities and star formation rates are obtained for six sources: the cluster members and the foreground galaxies. 
For the three cluster members the infrared luminosities derived from the model SEDs are between ~ 5.7 x 10 10 L G and 1.4 x 
10" L Q , corresponding to infrared star formation rates between 10 and 24 M Q yr -1 . The two cluster galaxies that have optical 
classifications are in the Butcher-Oemler region of the color-magnitude diagramme. The three foreground galaxies have infrared 
luminosities between 1.5 x 10 10 L G and 9.4 x 10 10 L Q yielding infrared star formation rates between 3 and 16 M Q yr' 1 . Two of 
the foreground galaxies are located in two foreground galaxy enhancements (Boschin et al. 120041 . Including Abell 2219, six 
distant clusters of galaxies have been mapped with ISOCAM and luminous infrared galaxies (LIRGs) have been found in three 
of them. The presence of LIRGs in Abell 2219 strengthens the association between luminous infrared galaxies in clusters and 
recent or ongoing cluster merger activity. 

Key words. Galaxies: clusters: general - Galaxies: clusters: individual (Abell 2219) - Infrared: galaxies 



1. Introduction 

The study of clusters of galaxies is of fundamental impor- 
tance in understanding the mechanisms that drive galaxy for- 
mation and evolution and in constraining cosmological theories 
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for the formation of large-scale structures (e.g. Bahcall 1988 
Gladders et al. 2002 , Schuecker et al. 2003 ). Moreover clusters 
offer the opportunity of studying environmental effects on the 
evolution of galaxies and, through the phenomenon of gravi- 
tational lensing, allow the observation of background galaxies 
that would normally be below detection thresholds (e.g. Mellier 
ITgggi Metcalfe et al. l2Wni2"UU3l . 

The comprehension of the properties of clusters of galaxies 
is growing rapidly thanks to a range of exceptionally good ob- 
servations taken using both ground-based (e.g. Yamada et al. 
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120001 Bohringer et al. 2001, Gladders et al. 120021 Andreon 
& Cuillandre 2002 1 and space-based telescopes, particularly 
in the infrared, optical and X-ray bands (e.g. Due et al. 2002 
Stanford et al. l27KJ2l Burke et al. l^UOH . 

Mid-infrared deep surveys with ESA's Infrared Space 
Observatory (ISO, Kessler et al. 1996 1 have revealed a popu- 
lation of starburst field galaxies that evolve significantly with 
redshift and have a median redshift of 0.8 (Aussel et al. 1999 
Oliver et al. I5UUU1 Serjeant et al. 1277001 Lari et al. l27)0"Tl Elbaz 
et al. 120021 Gruppioni et al. 120021 Metcalfe et al. l2003l . The 
mid-infrared emission from the ISOCAM sources accounts for 
most of the cosmic infrared background (Altieri et al. [1999 
Franceschini et al. 2001 , Elbaz & Cesarsky 2003, Metcalfe et 
al 120031 Sato et al. I20U3I . Mid-infrared data have been pub- 
lished for local clusters (e.g. Boselli et al. U997i ri998 Contursi 
et al. 1200 1 1 and distant clusters of galaxies (e.g. Pierre et al. 
[T996I Lemonon et al. [T9981 Soucail et al. fT^99l Fadda et al. 
120001 Metcalfe et al. 120031 Coia et al. 120031 The results of 
the observations revealed a wide dispersion in the number of 
luminous infrared galaxies (LIRGs, Genzel & Cesarsky 2000 1 
in clusters. New observations with the Spitzer Space Telescope 
(Rieke et al. l200Tl Dole et al. l2003l Werner et al. l2004l will 
further contribute to the understanding of the infrared popula- 
tion of galaxies in clusters. 

The cluster of galaxies Abell 2219 (z = 0.228) was ob- 
served using the 15pm (LW3 : 12 to 18 /mi, /t e ff = 14.3 /urn) 
filter of the ISOCAM instrument on board ISO (Cesarsky et al. 
19961. Results were published by Barvainis et al. ( 1999] here- 
after BAH99) and consist of five sources with flux densities be- 
tween 530 /iJy and 1 100 pjy. One of the sources was identified 
with the Extremely Red Object (ERO) J164023+4644 at red- 
shift z ~ 1 .048 and the remaining four sources were identified 
with galaxies of unknown redshift. 

In this paper we present the results of our re-analysis of the 
ISOCAM observations of Abell 2219 using a method specif- 
ically designed for the detection of faint sources (Metcalfe et 
al. 2003 1. Section|2]contains a short description of the cluster. 
Data reduction, source extraction and photometric calibration 
are described in section The results are given in section 0] 
Spectral energy distributions, infrared star formation rates and 
luminosities are in section|5] The discussion is given in section 
[6]and conclusions are summarized in sectional 

We adopt H = VOkms" 1 Mpc" 1 , = 0.7 and Q m = 0.3. 
With this cosmology, the luminosity distance to the cluster is 
D = 1 138 Mpc and 1" on the sky corresponds to 3.7 kpc. The 
age of the Universe at the cluster redshift of 0.228 is 10.7 Gyr. 

2. The cluster 

Abell 2219 is a massive cluster with an estimated value for the 
mass of 2.8 X 10 15 M o yr~' and a virial radius of ~ 3.1 Mpc 
(Carlberg et al. 119971 Boschin et al. 2003. It is an optically rich 
cluster with an Abell richness class of 3 (Abell et al. 1989 1. The 
core is dominated by a cD galaxy with a minor concentration 
of galaxies visible around the second brightest cluster member 
at a projected distance of 190 kpc from the core. The cluster 
exhibits two spectacular gravitational lensing arcs (Smail et al. 
I1995> . labelled A and B in Fig.[T] The distribution of redshifts 



Table 1. Observational parameters: The observations were 
made with the ISOCAM LW3 filter (filter width: 12 - 18 pm, 
^eff = 14.3 pm). On-chip integration time was always 10 sec- 
onds and the 6" per-pixel-field-of-view was used. M and N are 
the number of steps along each dimension of the raster, while 
dm and dn are the increments for a raster step. The table also 
includes the total area covered and the number of readouts per 
raster step. Fifteen readouts were taken at the beginning of each 
of the observations to allow for stabilization of the signal. The 
observations were repeated k times, each time displacing the 
raster centre by about 20 arcseconds. Tot. t is the total obser- 
vational time given by the sum of the observation times of the 
three individual rasters. 
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of cluster galaxies is shown in Fig.|2] Abell 2219 is one of the 
brightest X-ray clusters detected in the ROS AT All Sky Survey, 
with a luminosity in the 0.1-2.4 keV band of 1.8 x 10 45 erg s _1 
and a temperature, Tx, of ~ 10 keV (Allen et al. 1992 Rizza et 
al. 1998 1. The gas distribution traced by the X-ray observations 
is elliptical in shape and centered on the cD galaxy. The major 
axis of the ellipse is misaligned with respect to the major axis 
of the optical mass distribution, but lies close to the axis defined 
by the cD galaxy and the second brightest cluster member, la- 
belled C in Fig.^ This misalignment could indicate a past or 
ongoing merger of the cluster with the secondary galaxy con- 
centration detected in the optical (Smail et al. 1995 , Boschin et 
al. 1277041 . 

Abell 2219 is characterized by a diffuse radio halo that ex- 
tends for more than 2 Mpc and is similar in shape to the radio 
halo in Coma but 10 times more powerful (Bacchi et al. 2003 1. 
There may be a connection between cluster mergers and the 
presence of extended and diffuse radio emission (Feretti 2003 1. 

3. Observations, data reduction, source detection 
and photometric calibration 

Abell 2219 was observed with ISO in raster mode on April 
20, 1997. Three independent observations were made using the 
LW3 ISOCAM filter. The parameters of the observations are 
given in Tabled The area covered was 13.4 square arcminutes 
centered on the cluster core, corresponding to a physical area 
of 0.8 x 0.8 Mpc 2 . The diameter of the central maximum of the 
point spread function (PSF), at the first Airy minimum, is 0.84x 
A(/um) arcseconds. The full- width at half-maximum (FWHM) 
is about half that amount and Okumura ( 1998 1 obtained a value 
of 4.9" at 15 fim for the PSF FWHM in the 6" per pixel field- 
of-view. 

The data were reduced using the software CIA (Delaney & 
Ott 120021 Ott et al. 119971 in conjunction with dedicated rou- 
tines following the method described in Metcalfe et al. {2003 1. 
The three maps were merged into a single image thus increas- 
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Fig. 1. Contours of the 15 fim merged map overlaid on the B-band image of Abell 2219 (Smail et al. U998t . The two gravitational 
lensing arcs are labelled with letters A and B and the second brightest cluster member with the letter C (Smail et al. U995t . Sources 
published by BAH99 are labelled with numbers 1, 2, 4, 5, 7 (Tabled). The centre of the ISOCAM image is at R.A.(J2000) 16 h 
40 m 20.6 s DEC.(J2000) 46° 42' 39.6". All axes are in arcseconds. North is up and East is to the left. 



ing the sensitivity to faint sources. In the process the data were 
rebinned so that the final maps have a pixel size of 1 " benefit- 
ing from the raster displacement and thus improving the resolu- 
tion and allowing better cross-identification with observations 
at other wavelengths. The 15 /im merged map obtained is over- 
laid in Fig.n° n the Palomar B-band image of the cluster. 

The extraction of sources was done using SExtractor 
(Bertin & Arnouts 1996). The tool was run separately on the 
three individual maps. For the parameters chosen, the software 
could automatically detect sources above cr - 1.6 over 9 con- 
secutive pixels. The program was then run on the merged image 
with the same parameters used for the individual rasters. A de- 



tection was considered real when present on the merged map 
and on at least two of the three individual maps. The source list 
obtained is given in Table|2] The name of the ISOCAM source 
is derived from the satellite acronym (ISO), the partial name of 
the cluster (A2219) and an index number of the 15 /urn source 
as listed in Table|2(e.g. ISO_A2219_01 is source 01 in Table|2}. 
The index indicates increasing Right Ascension. 

Montecarlo simulations involving the insertion of fake 
sources in the unprocessed data were performed on the three 
individual rasters to analyse the effects of the data reduction 
process as described in Metcalfe et al. ( 2003 ). The simulations 
were performed independently for all rasters and SExtractor 
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Fig. 2. The distribution of redshifts in the direction of the clus- 
ter Abell 2219 with two small foreground galaxy enhance- 
ments. Data are from Boschin et al. (I2004> . 

was applied with the same parameters adopted in the absence 
of the inserted fake sources. The recovered signals for the fake 
sources were typically 60-70% of the inserted values. The sig- 
nals from the real sources were then scaled according to the 
calibration factor determined from the simulations. The scaled 
signals were converted to mJy using the filter specific ISOCAM 
calibration factor i.e. 1 ADU per gain per second = 0.51 mJy 
for LW3 (Delaney & Ott l20"0"2V A further scaling factor was 
applied to correct for detector responsive transients effects. The 
steps for correcting for the detector responsive transients are 
described in Metcalfe et al. (2003 1, Section 4.3. Taking the ap- 
proach described there, source signals recorded in the CAM 
LW3 filter in deep micro-scanned rasters were found to relate 
to stabilised source signals (determined by applying the model 
of Coulais & Abergel (2000) as implemented in CIA) in the 
ratio: recorded_signal/stabilised_signal = 0.8(+0.05/ - 0.1). 

The column named Precision in Tablets a measure of the 
accuracy of the photometric results. The precision values are 
derived from fake source simulations. For each source bright- 
ness the precision is the 1-sigma scatter found in the recovered 
fluxes of fake sources of similar brightness inserted into the raw 
data. 

4. Results 

The five sources published by BAH99 are confirmed. In ad- 
dition five new sources were found. The sources are listed in 
Tableland include the flux densities from BAH99. The small 
differences in flux and position between the present analysis 
and the results of BAH99 fall within the combined errors. 

All of the 15 fim sources have an optical counterpart (Fig. 
Q). With the exception of source ISO_A2219_10, which is as- 



sociated with a star, all sources are identified with galaxies. 
The sources are compared with the spectroscopic catalog of 
Boschin et al. COOH . ISO.A2219J01 and ISO_A2219.06 are 
associated with the cluster galaxies 42 and 8 1 that are described 
as Butcher-Oemler galaxies (Butcher & Oemler [l984> . i.e. a 
description that refers to the excess of blue galaxies in dis- 
tant clusters relative to nearby clusters. Galaxy 81 has weak 
x-ray emission indicating the presence of an active nucleus. 
ISO_A2219_02 is identified with a galaxy in the foreground 
enhancement of galaxies at z a; 0.11 and ISO_A2219_04 with 
another density enhancement at z w 0.19 (Fig. |2j. They are 
listed in the catalog of Boschin et al. (2004i as star form- 
ing galaxies number 45 and 82. ISO_A2219_08 is listed in 
the same catalog as source 90. ISO_A2219_07 is associated 
with ERO J 164023 +4644 at a redshift of z = 1.048. Sources 
ISO.A2219.03 and ISO.A2219.09 are identified with galax- 
ies of undetermined redshifts; their flux densities, as listed in 
Table |2] need to be corrected for gravitational lensing if they 
are confirmed as background sources, as suggested by the faint- 
ness of the optical counterparts. ISO_A2210_05 is assumed to 
be in the cluster based on the dimensions of its optical coun- 
terpart and location in a group of cluster galaxies. Moreover, it 
lies quite close to a mass concentration in the lens model de- 
scribed in Smith et al. (2004i, streghtening the conclusion that 
ISO_A2210_05 is indeed a cluster galaxy. 



4.1. Hubble Space Telescope images 

An area of 2.5'x2.5', centered on the cluster core, was observed 
by the Hubble Space Telescope (HST) using the F702W fil- 
ter on WFPC-2 (Smith et al. 12002ft . The areas observed with 
HST and ISOCAM partially overlap and the overlap region in- 
cludes sources ISO_A2219_03, ISO_A2219_05, ISO_A2219_06 
and ISO_A2219_07. For these sources, miniature maps cen- 
tered on the ISOCAM coordinates were extracted from the 
HST image and the 15yum contours are overlaid on the maps 
in Fig. |3] 

The HST image of ISO_A2219_03 shows a small face-on 
galaxy, probably an E/S0 galaxy since in this image there is 
no evidence of a spiral structure. However, the spatial reso- 
lution of the image is too poor to determine the morpholog- 
ical type. Given its angular dimensions (~4"=15kpc at the 
cluster redshift), ISO_A2219_05 might be a cluster galaxy. It 
shows disturbances at at least three sites in the outer regions 
and an elongated bulge which could be the result of past or 
on-going mergers. ISO_A2219_06 is associated with an in- 
clined spiral cluster galaxy. The morphology of the ERO as- 
sociated with ISO_A2219_07 appears irregular. Its color and 
spectroscopic properties were thoroughly studied by Smith et 
al. (120011120021 . 

Overall, these four HST overlays indicate that the mid- 
infrared detections are not strongly associated with galaxies of 
a specific morphological type, even though this sample is too 
small to draw definite conclusions. 
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Table 2. List of 15 fim sources in order of increasing R.A. From left to right: identification number; source signal and precision 
in ADU; source flux-density and precision in mJy ; R.A. and DEC (J2000); identification numbers and flux densities as given 
in BAH99; redshifts of the optical counterparts and source identification numbers from the comprehensive optical catalogue of 
Boschin et al. (2004 1. The source ISO_A2219_05, marked with an asterisk, is assumed to be a member of the cluster. The redshift 
of source ISO_A2219_07 is from BAH99. The remaining redshifts are from Boschin et al. ( [20041 . The flux densities of the five 
sources published by BAH99 are consistent with those presented here. 
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Fig. 3. HST miniature maps of the four ISO 15/jm sources within the HST field-of-view (Smith et al. 120021 1. The name of the 
source is given in the top left hand corner of the figure and the redshift in the top right hand corner. ISO_A2219_05 is assumed to 
be a member of the cluster, for reasons mentioned in the text. All axes are in arcseconds. North is up and East to the left. 



Table 3. Infrared luminosities and SFRs. The columns list: LW3 identification number as given in TablefJJ luminosity at 15 fim; 
k-corrected total infrared luminosity; the k-corrections derived as described in the text; infrared based SFRs; the model SEDs 
that give the best fit to the data; alternative SED fits at the 95% confidence; membership to the cluster (F: foreground galaxy; C: 
cluster member). 
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5. Spectral energy distributions, infrared star 
formation rates (SFRs) and luminosities 

Spectral energy distributions (SEDs) were computed for 
sources ISO_A2219.01, ISO.A2219.02, ISO.A2219.04, 
ISO_A2219_05, ISO.A2219.06 and ISO_A2219_08 using the 
program GRASIL (Silva et al. 1998 1 by including archival 
measurements in the optical and the near-infrared. Additional 
photometric data were obtained by running SExtractor on 
optical and near-infrared images. These include images taken 



in the B (Palomar Hale), I (W HT), J (WHT), a nd K ( WHT) 
photometric bands (Smail et al l 19981 Smith et al. 12002b . 

The observed data were compared with SED models that 
represent broad classes of spectral type, following a procedure 
fully described in Coia et al. (TJ003 1 and Biviano et al. (I2004I I. 

In this work, 20 models were considered. They were ei- 
ther taken from the public GRASIL library, or built by running 
the publicly available GRASIL code, or kindly provided by 
L. Silva (private comm.). The 20 models reproduce the SEDs 
of several kinds of galaxies, from early-type, passively evolv- 
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Fig. 4. The observations (dots) and model SEDs (continuous line) for sources ISO_A2219_01, ISO_A2219_02, ISO_A2219_04, 
ISO_A2219_05, ISO_A2219_06 and ISO_A2219_08. The horizontal axis is the wavelength in the cluster rest frame and the vertical 
axis is the flux density (in normalized units). 



ing ellipticals (labelled 'E', in the following), to spiral galaxies 
(labelled 'S'), and starburst galaxies (similar to the local ex- 
amples Arp220 and M82), as seen either at the epoch of the 
starburst event, or 1 Gyr after (labelled 'SB' or 'SB+1', re- 
spectively). Two SB models were considered, one involving 
as much as ~ 10% of the total baryonic mass of the galaxy, 
and another involving only ~ 1 % of the total baryonic mass of 
the galaxy. The strong burst models generally provide a better 
fit to the SEDs of our galaxies. At variance with Mann et al. 
( 2002} we avoid considering models older than the age of the 
Universe at the cluster redshift. Specifically, we consider mod- 
els for galaxies with a formation redshift z — 1, corresponding 
to an age at the cluster redshift of ~ 3 Gyr, and models with a 
formation redshift z = 4, corresponding to an age at the cluster 
redshift of ~ 8 Gyr. We label the corresponding models with 
the suffixes 'Y' and 'O', respectively. 

The best-fitting SED model was determined by x 1 mini- 
mization, leaving the normalisation of the model as a free pa- 
rameter. The SEDs are plotted in Fig. 0] and summarized in 
Table |3] S and SB+1 models provide the SED best-fits and 
there seems to be no clear preference for Y or O models. 

The k-corrections derived from the best-fit SEDs were used 
to obtain the rest-frame 15//m luminosities using the rela- 
tionship between the measured 15jum luminosities and the k- 
corrected total infrared luminosities (Lir) from Elbaz et al. 
d2002t . 

The source ISO_A2219_01 has a total infrared luminos- 
ity of ~ lO n L (Table which classifies it as a LIRG. 
ISO_A2219_05 also has an infrared luminosity typical of a 
LIRG, assuming it is a cluster member. ISO_A2219_06 has an 
infrared luminosity of ~ 6 x 10 10 L , which is comparable to 
the luminosity of cluster sources found in Abell 1689 by Fadda 
et al. d2000l 

SFRs were computed from the mid-infrared fluxes and 
model SEDs following the conversion of Kennicutt ( 1998 1. 

SFR[IR] =! 1.71 x 10~ 10 (Lrfi/Lo) M Q yr 1 (1) 

The values obtained are listed in Table [3] The infrared SFRs 
of the three cluster sources range from 10 to 24 M yr _1 , with 
a mean value of 17 M yr _1 . The infrared SFRs for the three 
foreground galaxies fall in the range between 3 and 16 M yr~' . 
The high values of the SFRs in cluster and foreground galax- 



ies are however much less than the values m 100 M yr 1 in 
field galaxies with redshifts « 0.8 that were found in deep sur- 
veys with ISO (Oliver et al. EOOOl Mann et al. I2U021 Elbaz & 
Cesarskv l^UoH . 

6. Discussion 

The dominant population of galaxies that fall in the Butcher- 
Oemler region of the color-magnitude diagramme of Abell 
2219 are a-type, i.e. galaxies with strong Balmer absorption 
(EW(H<5) > 4 A, Boschin et al. EOoH . 

ISO_A22 19.01 and ISO_A2219_06 are identified with 
dusty star-forming galaxies 42 and 81 that are classified as 
a-type with strong H5 absorption and weak [On] emission 
with EW ~ 3 A (Boschin et al. 200§. The optical SFR for 
ISO_A2219_01 is estimated at ~ 2 M yr~' which is much less 
than the value of 18 M yr~' given in Table [3] Most of the 
star formation is missed in the optical because it is enshrouded 
by dust. In the clusters Abell 1689 (Fadda et al. l2000l Due et 
al. l2002l and CI 0024+1654 (Coia et al. 120031 that were ob- 
served with ISO, the SFRs inferred using [O n] are about one- 
tenth of those calculated from the infrared luminosities. The 
mid-infrared sources in Abell 1689 are detected in Ha, indi- 
cating that the star forming processes are not completely hid- 
den by dust (Balogh et al. 2002 1. The GRASIL models have 
also been used to obtain the SEDs of the ISOCAM sources 
in CI 0024 +1654 (Coia et al. 120031 and Abell 2218 (Biviano 
et al. 2004 1. The galaxies in the Butcher-Oemler region of the 
color-magnitude diagramme have SEDs that are best-fit by spi- 
ral models. However the galaxies on the main sequence in CI 
0024+1654 are usually best-fit with models of starburst galax- 
ies as observed 1 Gyr after the burst event. A large number 
of cluster sources was detected by ISOCAM at 7 yum in Abell 
2218. The SEDs of most of these sources are best-fit by models 
of quiescent ellipticals with negligible SFRs. 

A number of clusters with redshifts between z = 0.18 
and z = 0.39 were mapped with ISOCAM and the numbers 
of sources that have fluxes consistent with LIRGs, within the 
precision of the measurements, was determined for each clus- 
ter. A comparison was made between the number of LIRGs in 
the clusters taking into account virial masses and radii, areas 
scanned and cluster distances (Coia et al. 2003 1. The cluster 
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CI 0024+1654 was compared with the other clusters because 
it has a large number (10) of luminous sources that have mea- 
surements consistent with LIRGs. This comparison revealed a 
large difference between CI 0024+1654 (z = 0.39) and Abell 
370 (z = 0.37) because in the latter only one source was de- 
tected whereas 8 were expected from the comparison. The two 
clusters have similar mass, redshift and optical richness and 
the large difference in the luminous infrared populations was 
attributed to a recent collision in CI 0024+1654 (Czoske et al. 
2002 1 and the presence of gas rich progenitors to fuel the star- 
bursts. The collision may account for the large difference in the 
ratio of mass to infrared light for the two clusters. 

The cluster CI 0024+1654 was also compared with Abell 
2218 (z = 0.18), Abell 2390 (z = 0.23) and Abell 1689 
(z = 0.18) and a total of three sources was expected whereas 
none was detected. A similar comparison has now been made 
between CI 0024+1654 and Abell 2219. In this case there is 
good agreement because only one source was expected and two 
were detected implying that the clusters have similar values for 
the ratio of mass to infrared light. 

It is interesting that the redshift distributions along the 
lines-of-sight to the clusters CI 0024+1654 and Abell 2219 are 
quite similar. They have smaller foreground clusters that are 
displaced from the main cluster by a small amount ~ 0.02 in 
redshift (Fig. 2). In CI 0024+1654 there is strong evidence that 
the two clusters were recently involved in a collision (Czoske et 
al. 2001 2002 1. There is also very strong evidence for merger 
activity in Abell 2219 as shown by the merging of small clumps 
of galaxies with the cluster, the radio halo and powerful X-ray 
emission (Boschin et al. 2004 1. The presence of LIRGs in CI 
0024+1654 and Abell 2219 strengthens the link between lumi- 
nous infrared sources in clusters with recent or ongoing merger 
activity. 

The sample of clusters will be expanded by the ongoing 
observations with the Spitzer Space Telescope (Werner et al. 
1207141 

7. Conclusions 

This paper presents new results from mid-infrared observa- 
tions of the massive cluster Abell 2219. The number of mid- 
infrared sources is increased from 5 to 10 with respect to the 
earlier work of Barvainis et al (19991. All the sources have 
optical counterparts. Three sources are identified with fore- 
ground galaxies, three with cluster galaxies, one with ERO 
J 164023 +4644 at z — 1.05 and one with a star. The remain- 
ing two sources have undetermined redshifts and are likely to 
be background sources that are gravitationally lensed by the 
cluster. 

SEDs were obtained for the three cluster members and the 
three foreground galaxies. Model SEDs were used to estimate 
parameters such as the infrared luminosity and SFR for the ob- 
served infrared sources. Models providing the best-fits to the 
observed SEDs are those of actively star-forming galaxies, ei- 
ther massive spirals, or starburst galaxies observed ~ 1 Gyr 
after the burst event. Two of the cluster galaxies are classified 
as LIRGs and have a mean SFR of ~ 17M Q yr _1 , while the 
third has infrared luminosity and SFR comparable to those star 



forming galaxies found in other clusters. The foreground galax- 
ies have infrared SFRs between 3 and 16 M Q yr _1 and two of 
them are located in foreground galaxy enhancements. 

The mid-infrared properties of the galaxies in Abell 2219 
are compared with five distant clusters that were mapped with 
ISOCAM. The number of LIRGs detected in Abell 2219 agrees 
with the expected number when compared with CI 0024+1654 
that is rich in luminous infrared galaxies. 
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